tients with severe symptoms who fail to respond to conservative care for at least 6-8 weeks have an indication for MRI. 19 However, despite the guidelines, many patients in Western society seem to receive earlier MRI, often without any indication for surgery.
When severe symptoms persist, surgery as a treatment modality is considered. MRI is used to assess whether a herniated disc with nerve root compression is indeed present, and what surgical approach is the most optimal. For instance, surgery for a mediolateral sequestrated herniated disc at L4-5 needs a completely different method than an intraforaminally located contained herniated disc at L5-S1, even though both disc herniations give rise to a neurologically identical nerve root syndrome of L-5. Patients for whom conservative care fails and in whom clinical findings correspond well to imaging findings may qualify for surgery. Despite this common algorithm, surgical treatment rates for lumbar discectomy vary widely among countries and even within countries. 3, 19 This may (in part) be due to lack of a clear definition of sciatica, a paucity of evidence on the value of diagnostic and therapeutic interventions, and a lack of clear clinical guidelines. 19 Earlier, our group reported the results of a randomized controlled trial (RCT) designed to define optimal timing of surgery for patients with sciatica. 31 The trial showed that patients recover twice as fast after early surgery compared with a strategy of prolonged conservative care. Furthermore, 39% of patients in the conservative group were still operated on within the 1-year follow-up. Despite the apparent benefit of surgery, effectiveness analysis found no differences in the final outcome after 1 year, thereby supporting a conservative approach, with surgery only if needed. 31 However, because the success of this approach may differ between subgroups of patients, it is important to identify individuals who may benefit more from either early surgery or a strategy of prolonged conservative care. Our group also evaluated whether MRI at baseline could have predicted surgery in patients assigned to the conservative group of the trial. We concluded that MRI at baseline was unable to distinguish between patients who did and those who did not undergo delayed surgery. 11 In another study, we evaluated the influence of clinical determinants on the rate of recovery in all patients included in the RCT. We found female sex, a positive Bragard sign, and the crossed straight leg raise test to be predictive of an unsatisfactory outcome. 29 The present study aimed to assess: 1) the predictive value of various MRI variables for satisfactory outcome during 1-year follow-up, and 2) whether MRI facilitates decision making between early surgery and prolonged conservative care in patients with herniated disc-related sciatica.
Methods

Study Population
Patients for this study were participants in the Sciatica Trial, a multicenter RCT in patients with herniated discrelated sciatica persisting for 6-12 weeks. 30, 31 This study was registered with the ISRCTN registry (controlled-trials. com), and its registration no. is ISRCTN26872154. Patients were between the ages of 18 and 65 years and were included only if they had a dermatomal pattern of pain distribution with concomitant neurological disturbances that correlated to the same nerve root being affected as shown on MRI.
Patients for this study had sciatic symptoms so severe that they were eligible for surgery according to their family practitioners; patients were therefore referred to a neurologist. The attending neurologist subsequently evaluated whether these patients were eligible to participate in the Sciatica Trial. Patients were excluded if they presented with cauda equina syndrome, insufficient strength to move against gravity, identical complaints in the previous 12 months, prior spine surgery, pregnancy, severe coexisting disease, or if they were not between 18 and 65 years of age.
All participants who did not meet 1 or more of the aforementioned exclusion criteria underwent MRI. If the MRI showed a disc herniation with nerve root compression correlating with clinical symptoms according to the attending neurologist and neurosurgeon, the corresponding patient was eligible to participate in the RCT. A strategy of early surgery was compared with a strategy of prolonged conservative care for an additional 6 months followed by surgery for patients who did not improve or who needed surgery earlier because of aggravating symptoms. 30, 31 The medical ethics committees at the 9 participating hospitals approved the protocol. Written informed consent was obtained from all patients.
Mri Protocol and image evaluation
MRI scans were performed at all 9 participating hospitals using standardized protocols tailored to a 1.5-T scanner. Sagittal T1-weighted and transversal T1-weighted spin echo images of the lumbar spine were acquired. In addition, T2-weighted sagittal and axial series and contrast-enhanced (gadolinium) T1-weighted fat-suppressed images were obtained. Two experienced neuroradiologists (B.K. and G.L.) and 1 neurosurgeon (C.V.) independently evaluated all MR images. The readers were not provided any clinical information and were not involved in the selection or care of the included patients.
To standardize the nomenclature, each reader was given a manual containing definitions of imaging characteristics based on recommendations from the combined task forces of the North American Spine Society, the American Society of Spine Radiology, and the American Society of Neuroradiology for classification of lumbar disc pathology.
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Vertebral endplate signal changes were defined according to the criteria of Modic et al. 23, 25 Before the start of the study, the readers met in person to evaluate and refine the standardized definitions.
After reaching final consensus, standardized case record forms with these final definitions were used to evaluate the images (Table S1 ). The presence of nerve root compression and clinically relevant characteristics of the disc level and disc herniation (e.g., size, location, and morphology) were scored for the disc level with the most severe nerve root compression. Based on the literature and clinical practice, we selected 9 MRI variables from this standardized case record form as the most relevant to test for their association with clinical outcome during the 1-year follow-up.
For assessment of the presence of nerve root compression on MRI at baseline, a 4-point scale was used: 1) "Definite about the presence;" 2) "Probable about the presence" if there was some doubt but the probability was ≥ 50%; 3) "Possible about the presence" if there was reason to consider but the probability was < 50%; and 4) "Definite about the absence." The first 2 categories were combined and categorized as "Assessed as having nerve root compression" and the last 2 categories were combined and categorized as "Assessed as not having nerve root compression."
outcome Measures
Outcome measures included: 1) a 7-point Likert selfrating scale of global perceived recovery, based on the question of how the patient experienced recovery compared with baseline (answers ranged from "Completely recovered" to "Much worse"); 1 2) the Roland Disability Questionnaire (RDQ) for sciatica (scores ranged from 0 to 23, with higher scores indicating worse functional status); 27 and 3) the 0-to 100-mm visual analog scale (VAS) for leg and back pain (with 0 representing no pain, and 100 representing the worst pain ever experienced).
6 These outcome measures were assessed at baseline and at 2, 4, 8, 12, 26, 38, and 52 weeks.
Statistical analysis
The majority opinion of the 3 readers regarding the MRI characteristics (i.e., the answer independently given by a minimum of 2 of 3 readers) was used in the analysis. Details on the interobserver agreement for the MRI findings were published earlier. 12 Perceived recovery was defined as "Complete" or "Nearly complete disappearance of symptoms" on the patient-reported 7-point Likert scale for global perceived recovery, whereas a score in the remaining 5 categories was marked as a poor or unsatisfactory outcome and defined as "No recovery." 30, 31 Cox proportional hazards models were used to study the relationship between MRI variables and time until perceived recovery (as determined by the prescheduled points of outcome registration during follow-up).
Multivariate linear mixed-effects models were used to study the relationship between MRI variables and leg pain severity during follow-up. In both the Cox proportional hazards models and the linear mixed regression models, all univariate relationships between MRI variables and outcome were also adjusted for the randomization arm. Additionally, when an MRI variable proved to significantly predict perceived recovery or leg pain severity during follow-up, differences in RDQ score and VAS back pain score determined at 1 year between the subcategories of this variable were assessed using a Student t-test.
Effect modification of each MRI predictor was tested in the Cox proportional hazards models and the linear mixed regression models containing the treatment allocation, the MRI predictor, and the interaction between them. We prespecified that when a predictor showed a significant interaction, we would enter this predictor in a repeated measurements analysis for the RDQ for sciatica and the VAS for back pain, to test whether the interaction also held in linear mixed regression models. Statistical significance was defined as a p value < 0.05.
results
A total of 599 patients were screened, of whom 204 were excluded (180 patients met exclusion criteria and 24 refused to participate). 31 The 395 patients who remained underwent MRI. Of these 395 patients, 112 patients were excluded (70 patients had no disc herniation on MRI, 31 recovered, and 11 refused to participate in the study), leaving 283 patients eligible to participate in the study. No significant baseline differences were found between the 141 patients randomized to early surgery and the 142 patients randomized to prolonged conservative care (Table 1) . Of the patients assigned to early surgery, 10% were assessed not to have nerve root compression on MRI at baseline, compared with 8% of the patients assigned to receive prolonged conservative care. In both treatment groups, 3 (2.1%) patients had a bulging disc instead of disc herniation.
Of the 141 patients assigned to receive early surgical treatment, 16 recovered before surgery could be performed. Of the 142 patients assigned to prolonged conservative care, 55 (39%) underwent surgery during the first year. In the early surgery group, 3.2% of patients had recurrent sciatica leading to a second surgical intervention, compared with 1.8% of patients in the conservative treatment group who underwent surgery. Complications occurred in 1.6% of all surgical patients, consisting of 2 dural tears and 1 wound hematoma. All complications resolved spontaneously. At 1-year follow-up, patients reported a mean score of 10.8 on the VAS for leg pain (mean score of 11.0 for patients in the early surgery group, and 10.6 for patients in the conservative treatment group) and 84% of the patients reported that they were recovered (86% in the early surgery group and 83% in the prolonged conservative care group).
rate of recovery according to baseline Mri characteristics
Patients assessed to have nerve root compression on baseline MRI tended to have a higher, but nonsignificant, rate of recovery compared with patients in whom no nerve root compression was assessed on MRI (HR adjusted for treatment allocation 1.45, 95% CI 0.93-2.24). However, only 9% of the included patients were not assessed as having nerve root compression on MRI. Table 2 shows the rate of recovery according to characteristics of the affected disc level or herniated disc on baseline MRI. Patients who were assessed with an extrusion as the herniation form tended to have a higher, but nonsignificant, rate of recovery compared with patients with a protrusion as the herniation form (HR 1.24, 95% CI 0.96-1.61).
Patients assessed at baseline as having a large herniated disc (≥ 50% in relation to the spinal canal) did not report a significantly higher rate of recovery compared with patients with a smaller disc herniation (HR 1.09, 95% CI 0.80-1.48). Table S2 shows the distribution of different sizes of the disc herniation in relation to the spinal canal (< 25%, 25%-50%, 51%-75%, and > 75%) for the randomization groups, the patients who crossed over to surgery, and the actual treatment group. No remarkable differences in distribution were seen. For all MRI variables investigated, p values for group interaction were nonsignificant (all p values for interaction > 0.26).
leg Pain Severity according to baseline Mri characteristics Table 3 presents leg pain severity according to baseline MRI characteristics. Patients assessed to have nerve root compression on baseline MRI reported significantly less leg pain severity during follow-up compared with patients who had no nerve root compression on baseline MRI (estimate of reduction of VAS leg pain score of 11.69, 95% CI 5.87-17.50). Similarly, patients assessed to have nerve root compression on baseline MRI also reported a more favorable RDQ score (3.0 vs 7.4, p = 0.01) and a lower VAS back pain score (13.8 vs 29.7, p = 0.02) at 1-year follow-up.
Patients with extrusions at baseline reported less leg pain compared with patients with protrusions (estimate of reduction of VAS leg pain score of 4.98, 95% CI 1.42-8.54).
Patients assessed with extrusions as the herniation form on baseline MRI did not report a significantly more favorable RDQ score at 1-year follow-up (2.9 vs 4.3, p = 0.07); however, patients with extrusions reported a lower VAS back pain score at 1-year follow-up (12.9 vs 20.2, p = 0.02). Other characteristics of the affected disc level or herniated disc on baseline MRI showed no relationship with leg pain severity. For all MRI variables investigated, none showed an interaction with treatment allocation (all p values for interaction > 0.22).
In a subanalysis involving only patients who were randomized to conservative care, we compared the disc herniation size between those who crossed over to surgery (n = 55) and those who did not (n = 87). Large disc her- * Values are expressed as no. (%) or the mean ± SD. No significant baseline differences were observed in the intention-to-treat group. † Body mass index is the weight in kilograms divided by the square of the height in meters. ‡ Reflexes were rated as abnormal if absent, less than the other side, or in cases of an extensor plantar response (Babinski sign). § Muscle strength was considered normal in cases of Medical Research Council Grade 5, whereas Medical Research Council Grade 4 or less was rated abnormal. ¶ Six neurological tests were performed (Lasègue sign, crossed straight leg raising, Kemp sign, Bragard sign, walking on heels, and walking on toes). One or more non-normal test result was considered to be an abnormal result. ** The RDQ for sciatica is a disease-specific disability scale that measures the functional status of patients with pain in the leg or back. Scores range from 0 to 23, with higher scores indicating worse functional status. † † The intensity of pain is indicated on a horizontal 100-mm VAS, with 0 representing no pain and 100 representing the worst pain ever experienced.
niations (≥ 50% of the spinal canal) were nearly equally distributed between those who did and those who did not undergo surgery (24% vs 21%, p = 0.65).
Discussion
Main results
In this patient group, the size of disc herniation at baseline did not influence outcome during the 1-year followup. However, patients with nerve root compression seen on baseline MRI reported less leg pain during follow-up compared with patients with no nerve root compression depicted on MRI, irrespective of surgical or conservative treatment. In accordance with clinical observations, patients without a clear compressive etiology of their severe sciatic symptoms experienced more persistent leg pain. Apparently, a noncompressive etiology of sciatica is more difficult to resolve. Patients assessed with an extrusion reported less leg pain during follow-up compared with patients with a protrusion; again, this finding was irrespective of surgical or conservative treatment. Furthermore, no interaction was found between assigned treatment and baseline MRI findings for recovery or persisting leg pain. This indicates that, although some baseline MRI findings were informative in predicting leg pain severity during the first year after diagnosis, they are unable to predict which patients may benefit from early surgery versus prolonged conservative care.
comparison with literature
Earlier studies examined the prognostic value of various MRI characteristics. 32 However, difficulties may arise when correlating MRI findings with prognosis, because the treatment choice following the MRI findings may reflect patient prognosis, and the preferences of both the practice community and the physician. From a clinical viewpoint, we expected a larger-size disc herniation at baseline to be associated with a better outcome in the surgically treated cohort during follow-up than in the conservatively treated patients. However, the presence of large disc herniations (present in 21% of our included patients) showed no prognostic value, irrespective of surgical or prolonged conservative treatment. This is in concordance with a study in surgically treated patients and another in nonsurgically treated patients, both of which showed no correlation between size of the disc herniation and outcome. 16, 26 In contrast, another retrospective cohort study showed that patients with a thecal sac compression of one-third or more had a greater surgical treatment effect than those with small disc herniations, although for conservatively treated patients no differences in outcome were seen. 22 Overall, differences in the prognostic value of MRI characteristics between studies may be largely explained by differences in study design, study population, sample size, and the treatment received. The discrepancy between studies regarding disc herniation size may be due to the interpretation of small and large disc herniations; this largely depends on the reviewer and how disc herniation size is measured. The method in which the size is correlated to the width of the canal seems to be the most reliable; however, the level at which the size of the canal is determined has considerable influence on the measurement of the size of the bulging disc. Moreover, it is debatable whether the size of the bony canal should be measured, or the size of the canal minus the flavum ligament. Morphometric studies would benefit from clear guidelines on this topic. Recent studies support the theory of a multifactorial etiologic origin of sciatica, in which spinal nerve irritation may result from both compressive and noncompressive causes. 7, 10 Therefore, as with other diseases, differences in etiology of sciatica may (theoretically) result in different outcomes. For example, a noncompressive (possibly inflammatory) cause of sciatica may be more difficult to resolve spontaneously. The present study in 283 patients with sciatica, as well as 2 earlier studies, supports this theory and found a better prognosis for patients with clear nerve root compression on MRI. 16, 34 However, 2 other studies found no significant association for nerve root compression. 18, 24 Another (retrospective) cohort study observed better surgical outcomes for patients with nerve root compression, whereas the outcomes in the nonsurgical groups were similar. 22 Again, these differences in observed prognostic value of the presence of nerve root compression may be largely explained by differences in study design, study population, sample size, and treatment received.
Different classification methods for morphology of disc herniations are used, thereby complicating comparisons between studies. A recent systematic review, which evaluated the probability of spontaneous regression among different types of lumbar herniated discs, found a rate of spontaneous regression of 96% for disc sequestration, 70% for disc extrusion, and 41% for disc protrusion. 4 The higher rate of spontaneous regression of disc extrusions compared with disc protrusions may indicate a better prognosis for extruded disc herniations in conservatively treated patients. In surgically treated patients, it is feasible that decompression of the nerve is more effective in cases of extrusions.
In the present study, the finding of a better prognosis for patients assessed with an extruded disc (present in 64% of the included patients) tends to support these theories. Moreover, another study in conservatively treated patients, and 2 studies in surgically treated patients, also found better outcome results for patients with extrusions. 8, 15, 18 However, another study (with a retrospective cohort, in which 61% of patients had disc surgery) observed no difference in outcomes between different disc morphology groups. 22 Again, the way in which the disc extrusion or protrusion is determined has a strong influence on the outcome. However, until clear guidelines become available, no firm conclusions can be drawn. Moreover, it is noteworthy that the size of the herniated disc is not associated with outcome, whereas the presence of extrusion is; perhaps there is an association between size and extrusion.
For the presence of both nerve root compression and an extruded disc, clear and significant results were seen for their prognostic value on the outcome "leg pain intensity" during follow-up. However, results for the outcome "recovery" were not significant (although a tendency was found because both p values were 0.10). We do not have a clear explanation for this discrepancy between outcome measures.
The present study demonstrates that the MRI parameters studied are not helpful in the decision-making process of early surgery versus prolonged conservative care. Even for the MRI variables indicating possibly more benefit from surgery (i.e., large disc herniation and extruded disc), there was no interaction with treatment allocation. A similar study in the same patient population showed that only the history item on the presence of "sciatica provoked by sitting" showed interaction with the timing of surgery and thus influenced the rate of recovery. 28 Thus, unfortu- nately, we conclude that clinical and MRI characteristics are minimally informative in determining which patients might fare better with early surgery compared with a strategy of prolonged conservative care. It seems that the criteria threshold is lowering with regard to performing an MRI study in patients with low back pain. 5 In addition, with improvements in the resolution of images, more and smaller abnormalities will probably be detected. These may be clinically irrelevant, 9 but may create the potential for overestimation of the prevalence of surgically amenable diseases in the lumbar spine. 21 Disc herniations on MRI are observed in 28%-76% of persons without any symptoms. 2, 17 The marked increase in rates of lumbar spine surgery has partly been linked to the increased availability of advanced diagnostic imaging techniques. 9, 21 Moreover, spine imaging may have an adverse effect; i.e., telling patients they have an imaging abnormality can lead to unintended harm related to disease labeling.
14, 35 The present study adds that, within this highly selected population of patients with herniated disc-related sciatica for 6-12 weeks, MRI has no value in the decision making between early surgery and prolonged conservative care. Patients with clear sciatic symptoms and a severe disc herniation with clear nerve root compression on MRI might still benefit from conservative care. Even those abnormalities seen on MRI that do match clinical symptoms may well resolve spontaneously.
Study limitations
The main drawback of the present study was the selection of patients from neurological outpatient clinics after referral by primary care physicians; therefore, also due to the stringent inclusion criteria, there was less contrast among patients in terms of baseline MRI characteristics. Although the trial had a pragmatic study design, the patients were highly selected and had a monodermatomal pain problem leading to a clear-cut sciatica condition. However, in daily practice, for most patients the neurological syndrome is not as clear; thus, MR images may not show nerve root compression or very small herniated discs. In reality (i.e., outside RCTs), there is considerable contrast between groups of patients who are experiencing similar pain-patients with disc-related nerve root compression versus those without morphological nerve root problems. Although, hypothetically, in MRI studies this contrast would lead to a better MRI discrimination, this has not been proven. If the sciatica is not intense, or the MRI findings are not consistent with clear-cut nerve root compression, we advise withholding surgery.
Furthermore, the present results should be interpreted carefully. During planning of the clinical outcome study, the power analysis was based on how many patients would be required to detect a difference in clinical outcome between early surgery and prolonged conservative care for sciatica. No separate power analysis was performed for the present study. Also, because some MRI characteristics were present in only 5%-9% of patients, a larger study population would have been desirable. In addition, to minimize bias due to multiple testing, we did not control for age or other MRI findings in the analyses. This may have resulted in blurring of results.
conclusions
The size of disc herniation assessed at baseline did not influence outcome during 1-year follow-up in patients with herniated disc-related sciatica. In this highly selected study population, baseline MRI findings were not helpful in determining which patients might fare better with early surgery compared with a strategy of prolonged conservative care. Only the assessed presence of nerve root compression and disc morphology (i.e., disc extrusion) on MRI may be informative to predict the patient's prognosis in sciatica, and might even lead to greater contrast in outcomes among a "regular" outpatient population. If the sciatica is not intense, or the MRI findings are not consistent with clear-cut nerve root compression, we advise withholding surgery. 
